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Abstract 
 
In a global context of climate change and greenhouse gas emissions, the construction sector has a great potential for energy savings 
and environmental impact reduction. Nearly two-thirds of French buildings were built without any existing thermal regulation: 
thermal renovation of these buildings is a priority. However, some of these buildings are classified as "historical heritage 
remarkable architecture"; this strong constraint does not allow the use of traditional renovation methods. This study aims to 
characterize the thermal behavior of a double window. A numerical thermal model is developed taking into account the heat and 
mass transfer in the double window. A specific experimental platform has also been designed and built to experimentally 
characterize the behavior of the double window and to validate the developed numerical model. A simulation protocol was then 
defined and implemented in order to outline the key parameters and therefore make recommendations for double window 
implementation and their design. 
The numerical and experimental results were used to characterize the influence of the thickness of the air gap of the double window, 
the thermal inertia of the facade and the ventilation strategies. 
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1. Introduction 
 
In France 65% of the buildings were built before 1975; the rehabilitation of these old buildings plays an important 
role in energy and CO2 emissions reduction strategies. Architectural, functional and urban constraints, prevents an 
optimal rehabilitation of old buildings. 
 
The goals of the research presented in this article are: 
• Find rehabilitation solutions in order to obtain energy performance closer to new buildings energy 
performance 
• Adapt actual construction’s techniques to energy performance closer to new buildings energy performance 
 
In addition to these energy and societal considerations, research in the field of rehabilitation of existing buildings 
is also encouraged by a lack of knowledge and procedures in this field. Within the project ECBCS - Annex 36 of the 
International Energy Agency (IEA) dedicated to the rehabilitation of school buildings, we have contributed to the 
development and the adaptation to the French context of a decision making tool (ECA) (EL Mankibi [2]). The use of 
this tool has been useful to choose the orientation of future investigations on rehabilitation. Some techniques are not 
consistent with the constraints of rehabilitation (facades, windows). 
The historic patrimony preservation represents a strong challenge in old buildings rehabilitation: the appearance 
and external characteristics of the building must be maintained. To avoid this problem, double windows are more 
frequently used. Double window rehabilitation technique consists in the installation of an additional window inside 
the old building. This solution is very interesting because it keeps the old window frames visible from the outside. 
A lack of knowledge of this rehabilitation technique still remains (Carlos et al [3]). The objectives of the research 
presented in this paper are the characterization of the thermo-aerodynamic behavior using a detailed model and an 
experimental characterization of different configurations of the double window: 
• the influence of the inertia of the opaque wall 
• the influence of the air gap 
• the influence of the ventilation configurations 
A double window (Figure 1) consists in the combination of two windows spaced with an air gap (10 to 50 
centimeters). The first window is old, typically a single glazed with wooden frame, the second one is often a double 
glazed PVC window, placed in the inner side of the building. 
 
 
 
 
 
Fig. 1. Examples of double window. 
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2. Adaptation of BECARE platform for the study of double windows 
 
BECARE (Banc d’Etude de Composants Aéraulique et de leur Régulation) is an experimental platform made of a 
plexiglass parallelepiped; The inner volume is 3 m3 (3 m * 1 m * 1 m). BECARE platform can be used for: 
• ventilation air flow visualization 
• natural ventilation air flow measurements 
• experimental control of boundary conditions for the validation of numerical models 
• the control of active components (heating and ventilation) 
In addition to the data acquisition system (temperature sensors, relative humidity, CO2, air velocity and pressure 
difference), BECARE is equipped with a control system which can regulate the relative humidity, the CO2 injection, 
the air flow rate and the sensible heat. The platform was adapted to characterize the behaviour of a double window 
prototype. The prototype contains spacers, so many configurations exists in order to test the influence of the air gap 
thickness, the wall inertia and ventilation configurations (Figure 2). The spacers allow varying the thickness of the air 
gap between 10 cm to 40 cm; the thermal inertia of the opaque wall can be changed as it can be filled with sand, water 
or extruded polystyrene (Figure 3). The surfaces temperatures of opaque and glazed walls are measured by means of 
eight temperature sensors, three temperature sensors and two air velocity sensors are installed into the air gap (Figure 
4). A projector simulates the solar radiation (Figure 5). 
 
 
Fig. 2. Adapting BECARE platform for the study of a double window. 
 
 
 
 
Fig. 3. Sample of realization of spacers and variable thermal inertia. 
 Mohamed El Mankibi et al. /  Energy Procedia  78 ( 2015 )  2470 – 2475 2473
 
 
 
Fig. 4.Double window sensors. Fig. 5. Lights to simulation radiations 
 
BECARE platform can test four different ventilation strategies by means of small holes or larger openings. 
 
An experimental protocol was created and implemented; 65 configurations were tested taking a simple window as 
reference case. The average duration of each test was about 6 hours. 
The results put in evidence some facts: 
x the type of window frame (PVC or wood) has a little influence 
x Increasing the thickness of the air cavity stabilizes the amplitude between the maximum and the minimum 
value of air temperature 
o Without ventilation and solar radiation: the amplitude decreases slightly with the thickness 
o With ventilation the amplitude is constant 
o With radiation: the amplitude increased by 4 °C from 10 cm thickness to 30 cm thickness 
x In all configurations of the double window, the amplitude is reduced by half filling with sand the opaque wall 
x The double window can improve the summer comfort 
x The double window has potential to reduce energy consumptions 
 
The Errore. L'origine riferimento non è stata trovata. summarizes the design recommendation revealed by these 
tests. 
 
Table 1. Summary test results.  
Number of spacers Materials 
 
Nothing 2 Sand 
Radiation 2 Sand 
Heating 1 Polystyrene 
Heating + radiation 0 (open window) Polystyrene 
Ventilation 1 Polystyrene 
Ventilation + Radiation 2 Sand 
Ventilation + Heating 3 Polystyrene 
Heating + Ventilation + Radiation 3 Sand 
 
 
 
3. Thermal modelling of the enclosure of double window 
 
A three dimensional model of the double window was created. The models can handle simple or double glazed 
windows, with different solar factors. The originality of the model (Figure 6) lies on the fact that considering the 
energy balance of each surface of the double window inspired by a study of an urban canyon (Pignolet-Tardane et al 
[4]). As an example, the following equation describes the inner surface of the external glass: 
2474   Mohamed El Mankibi et al. /  Energy Procedia  78 ( 2015 )  2470 – 2475 
͆ͲȂ
 
Ƭͳ ͳ ൅ ሺ é̴ͳȄሻ൅ ሺ ͳȄሻ൅ ሺͶȄሻ ሺͳሻ
ͳͳͳ
ൌ̈́͆ͲȂ
Ƭ  ͳ ̴ͳ ͹ ͳ ͳȄͳ Ͳ ͳ ͳ
With: 
ͳሺ͵ሻ: Volume of element 1 
ͳሺǤȂ͵ሻ: Density of element 1 
ͳሺǤȂͳǤȂͳሻ: Heat capacity of element 1 é̴ͳሺǤȂͳǤȂͳሻ : Thermal conductivity ̴ͳሺሻ: Thickness of the glass 1 ͹ሺሻ: Temperature of the outer surface 7 
ͳሺሻ: Temperature of inner surface 1 
ሺሻ: Air temperature of the enclosure 
ሺǤȂʹǤȂͳሻ: Coefficient of  convection 
̈́ͳ ሺȀ;ሻ: Short wavelength radiation absorbed by surface 1 
ͳሺǤȂʹሻ: radiation of the surface 1 
ͳ: Emissivity of the surface 1 
The heat balance of the air volume is described by the equation 
 

Ƭ
 ൌሻሺȄሻ൅ሺȄሻ ሺʹሻ Ƭ  




Fig. 6. Modeling assumptions of the double window. 
 
The validation of this model was made using data from the experimental tests. Figure 7 shows comparison between 
numerical and experimental results for three inner spacing (10 cm, 20 cm and 30 cm). 
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Fig. 7. Example of experimental and numerical results for different double window inner spacings. 
 
4. Conclusion 
 
The objective of this study was to experimentally and numerically characterize the behaviour of a double window. 
The challenge is to propose solutions to rehabilitate existing buildings. An experimental device was designed and 
created in order to test different configurations of double window. A numerical model has also been developed in 
order to make parametric studies. The first results showed the potential of the double window in terms of winter 
energy performances and summer comfort. 
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